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(54) Title: METHOD AND APPARATUS FOR EXTRACTING WATER FROM ATMOSPHERIC AIR 
(57) Abstract 

The present invention relates to method and apparatus 
for extracting water from atmospheric air. Said method do 
not depend upon day and night temperature differentials 
and can operate at lower temperatures than were possible 
before. The present invention makes it possible to extract 
water vapors from the atmospheric air in relatively simple, 
inexpensive industrial plants or in smaller portable devices. 
The method according to the present invention comprises: 
(a) causing ambient air to be drawn across a sorbent material 
(6) which is disposed in an enclosure (1) comprising a 
first area containing the sorbent material (6) and a second 
area containing condenser (13); (b) hermetically sealing 
the enclosure (1) from the atmosphere, after the sorbent 
material (6) has been fully saturated with water vapor, (c) 
causing desorption of the water from the sorbent material 
(6) by heating it, raising thereby the enclosure (1) internal 
pressure; (d) creating a partial vacuum in the enclosure 
(1) and a pressure differential between the first and second 
area, by venting residual air and an amount of water vapor 
from the enclosure (1), so that water vapor flows from the 
first area to the condenser (13); and (e) collecting the water 
which condenses on the condenser. 
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Method And Apparatus For Extracting Water From Atmospheric Air 

Field of the Invention 

The present invention provides a novel method and apparatus for extracting 
5 water from atmospheric air. The invention is particularly suited for implementation 
in hot, relatively arid areas of the world, where ground sources of fresh water are 
* limited or where the production and transportation of fresh water involves great 
difficulties or considerable expense. 
Background of the Invention 

10 Various methods of extracting water from atmospheric air are known; 

however, the known methods have not been economical, in that the devices utilizing 
these methods require relatively costly energy sources in order to run efficiently and 
are mostly limited to a single cycle of operation within each 24 hour period utilizing 
the temperature differentials between night and day. 

15 US Patent 4,285,702 describes a method of recovering water 'from 

atmospheric air by letting cool night air pass in one direction through an adsorber 
filled with water-adsorbing material, and during the day time reversing the flow of the 
air, after it has been heated, thereby drying the adsorbing material and condensing the 
water vapor. During the desorption phase, two closed air flows are formed, which are 

20 passed through the heating device and the adsorbing material multiple times. This 
method is limiting, in that it can be implemented primarily in the framework of a 
day-night cycle, and is not energy-efficient, requiring heating to relatively high 
temperatures during the desorption phase. 
Summary of the Invention 

25 The present invention overcomes the drawbacks of the known methods of 

extracting water from atmospheric air. It provides a mode of extracting water from 
atmospheric air at any time of day or night, is not dependent upon temperature 
differentials between the cooler air at night and the warmer air during the day, and is 
energy-efficient, operating at substantially lower temperatures than is possible 

30 utilizing known methods and devices. The present invention makes it possible to 
extract water vapors from the atmospheric air in relatively simple, inexpensive 
industrial plants, or in smaller portable devices, without requiring significant inputs of 
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energy. The condensation of water vapor according to the present invention can be 
done at any temperature of the ambient air, and it does not involve the use of 
chemicals or other substances that may be ecologically harmful. 

There is therefore provided, in accordance with the present invention, a 
5 method for extracting water from atmospheric air, the method comprising the steps 
of: (a) causing ambient air to be drawn across a sorbent material adapted to 
adsorb and/or absorb water vapor, the sorbent material being disposed in an enclosure 
comprising a first area containing the sorbent material and a second area containing a 
condenser; 

10 (b) hermetically sealing the enclosure from the atmosphere, after the sorbent 

material has been fully saturated with water vapor, 

(c) causing desorption of the water vapor from the sorbent material by heating 
the sorbent material, raising thereby the internal pressure of the enclosure; 

(d) creating a partial vacuum in the enclosure and a pressure differential 
15 between the first area and the second area, by venting residual air and an amount of 

water vapor from the enclosure, so that water vapor flows from the first area to the 
condenser in the second area; and 

(e) collecting the water which condenses on the condenser 

In accordance with a preferred embodiment of the invention, the sorbent 
20 material may be a solid or a liquid which is cooled during step (a) by ambient air 
drawn through conduits physically in contact with the sorbent material. 

In accordance with a further embodiment of the invention, the water vapor 
which is vented in step (d) flows to a second condenser and the water which 
condenses thereon is collected together with the water from step (e). 
25 There is also provided, in accordance with the present invention, apparatus for 

extracting water from atmospheric air, the apparatus comprising: 

(a) an enclosure having first and second areas and adapted to be alternatively 
open to atmospheric air and hermetically sealed from atmospheric air, 

(b) a sorbent material, adapted to adsorb and/or absorb moisture from the air, 
30 disposed within the first area and a condenser mounted within the second area; 

(c) means for drawing ambient air across the sorbent material when the 
enclosure is open to atmospheric air; 
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(d) means for alternately cooling and heating the sorbent material; 

(e) means for creating a partial vacuum within the enclosure and a pressure 
differential between the first and second areas; and 

(f) a water collector adapted to collect the water that condenses on the 
condenser. 

In accordance with a preferred embodiment of the invention, the sorbent 
material is either a solid or a liquid and the means for cooling and heating comprise a 
system of conduits in physical contact with the sorbent material and in which flows 
ambient air. 

Further in accordance with a preferred embodiment of the invention, the 
means for creating a partial vacuum within the enclosure is a pressure-sensitive valve 
which opens when the internal pressure of the enclosure exceeds a pre-determined 
threshold. 

In accordance with another embodiment of the invention, the apparatus also 
comprises a second condenser which communicates with the enclosure via the 
pressure-sensitive valve and a second water collector adapted to collect the water that 
condenses on the second condenser. 
Detailed Description of the Invention 

The present invention may be better appreciated with reference to the 
accompanying diagrams, in which FIG. 1 presents in schematic form one embodiment 
of water extraction apparatus in accordance with the present invention; and FIG. 2 
presents in schematic form a second embodiment of water extraction apparatus in 
accordance with the present invention. 

As shown in FIG. 1, the apparatus comprises an enclosure 1, having an inlet 2 
and an exhaust stack 4. Within inlet 1 is a valve 2, and within exhaust stack 4 is a 
valve 7. Fitted within enclosure 1 is a sorbent material 6, adapted to adsorb and/or 
absorb moisture from the air. The sorbent material may be silica gel, a molecular 
sieve, lithium chloride, or any other solid or liquid sorbent as is known in the art, 
which is capable of adsorbing and/or absorbing moisture from the air. Sorbent 
material 6 is disposed within enclosure 1 in such manner that it is in physical contact 
with an array of conduits having a inlet 8 and an outlet 9 and which are adapted to 
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allow circulation therein of a cooling or heating medium, for purposes more fully 
described below. Situated above sorbent material 6 and below stack 4 is a fan 5. 

Enclosure 1 is connected via pipes 10 and 12 to a condenser 13, which may 
be any type of condenser as is known in the art, but preferably is air-cooled. Through 
5 appropriate plumbing, condenser 13 is connected to a water collector 14, which is 
adapted to receive and hold water which condenses on condenser 13 and flows 
therefrom. The apparatus also includes a pressure-sensitive valve 11, which is 
normally in a closed position, but which is operative to open when the pressure in 
enclosure 1 exceeds a pre-determined threshold. 

10 Referring now to FIG. 2, it will be seen that the apparatus of FIG. 2 is identical 

to that of FIG. 1, but with the addition of a secondary condenser 15. Secondary 
condenser 15 communicates with enclosure 1 via pressure valve 11. Through 
appropriate plumbing, secondary condenser 15 communicates with a water collector 
16, which is adapted to receive and hold water which condenses on condenser 15 and 

15 flows therefrom. Water collector 16 further communicates with water collector 14, 
via plumbing 17. 

The operation of the apparatus is as follows: During a first phase, while both 
valve 2 and valve 7 are in an open position, ambient air is drawn through inlet 3 and 
into enclosure 1. Driven by the force of a draught created either by exhaust stack 4 

20 and/or by fan 5, the air passes through sorbent material 6 and releases moisture to it 
through adsorption and/or absorption. The air which is both dried and heated by the 
sorption process is vented outside enclosure 1 through stack 4, via valve 7. To 
intensify the sorption process, heat preferably is removed from sorbent material 6 by a 
coolant circulating therethrough, entering through conduit 8 and exiting through 

25 conduit 9. Preferably, the coolant is ambient air, although any type of liquid coolant 
may also be used 

When sensors (not shown), such as humidity sensors or any other appropriate 
type of sensor as is known in the art, provide an indication that sorbent material 6 is 
fully saturated with water, inlet valve 2 and outlet valve 7 are moved to a closed 
30 position and enclosure 1 (including pipes 10 and 12 and condenser 13) is thereby 
hermetically sealed from the atmosphere. At the same time, the circulation of coolant 
within conduits 8 and 9 is discontinued, and in its stead, a heat transfer medium is 
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circulated therethrough, so as to heat sorbent material 6. The heat transfer medium 
preferably is air or water, which preferably is heated by solar energy or any other low 
cost energy source. 

The heating of sorbent material 6 effectuates a desorption of the water vapor 

5 adsorbed and/or absorbed on the sorbent material, such that water vapor begins to fill 
enclosure 1. Since enclosure 1 is hermetically sealed, the pressure inside the 
enclosure begins to rise, and at a pre-determined pressure, valve 1 1 opens, to enable 
the venting from enclosure 1 of the residual air contained therein as well a small 
amount of water vapor. As a consequence of this venting of the vapor-gas mixture 

10 from enclosure 1, the pressure within enclosure 1 falls and valve 11 closes, creating 
thereby a partial vacuum within enclosure 1 as well as a pressure differentia] between 
the region of condenser 13 and the region where desorption of sorbent material 6 is 
occurring. Since the pressure in the region of desorption is higher than the pressure in 
the region of condenser 13, water vapor flows from the region of higher pressure, 

15 through pipes 10 and 12, to condenser 13. On contact with the heat-exchange surfaces 
of condenser 13, the water vapors become liquified, and the water thus obtained flows 
down to collector 14. 

It will be appreciated that due to the creation of the partial vacuum within 
enclosure 1, the desorption of sorbent material 6 and the condensation of the water 

20 vapors on condenser 14 can be efficiently effectuated at a reduced temperature, in 
comparison with the temperature that would otherwise be needed. The optimal, 
temperature will vary, depending upon the specific sorbent material used, the 
temperature of the ambient air, and other factors, but in all cases will be lower than 
the operative temperature that would be needed using conventional methods. As a 

25 consequence, significant savings can be achieved in the operating costs of the 
apparatus of the present invention. 

After the desorption/condensation phase of the process has been completed, 
valves 2 and 7 are again opened and the circulation of the heat transfer medium in 
conduits 8 and 9 is discontinued The water collected in collector 14 is then available 

30 for use by the end-user, by any conventional means. 

The operation of the apparatus of FIG. 2 is identical to that of FIG. 1, but the 
apparatus of FIG. 2 also enables the recovery of the moisture that is vented from 



r 

WO 99/66136 . 6 . PCT/1L99/00332 

enclosure 1, when valve 1 1 opens. Thus, instead of being vented into the atmosphere, 
the water vapor is vented into an enclosure containing secondary condenser 15 and 
the vapor thus released is condensed thereon. The water which condenses on 
condenser 15 then flows to a secondary collector 16 and, upon completion of the 
5 desorption phase of the cycle, the water in collector 16 is allowed to flow into 
collector 14, via pipeline 17. 

It will be appreciated that the adsorption/desorption cycle described above can 
be repeated as often as necessary, without regard to temperature differentials between 
nighttime and daytime. The apparatus can thus be used repeatedly, around the clock, 
10 and for this reason as well is more economical and more efficient that known 
apparatus. 

It will be appreciated that the present invention is not limited by the above 
description and encompasses many adaptations and variations thereof all of which can 
be readily grasped and understood by a man of the art. The invention is limited only 
15 by the claims which follow: 
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CLAIMS 

1. A method of extracting water from atmospheric air, comprising: 

5 (a) causing ambient air to be drawn across a sorbent material adapted to 

adsorb or absorb water vapor, the sorbent material being disposed in an enclosure 
comprising a first area containing the sorbent material and a second area containing a 
condenser; 

(b) hermetically sealing the enclosure from the atmosphere, after the sorbent 
1 0 material has been fully saturated with water vapor; 

(c) causing desorption of water vapor from the sorbent material by heating the 
sorbent material, raising thereby the internal pressure of the enclosure; 

(d) creating a partial vacuum in the enclosure and a pressure differential 
between the first area and the second area, by venting residual air and an amount of 

15 water vapor from the enclosure, so that water vapor flows from the first area to the 
condenser in the second area; and 

(e) collecting the water which condenses on the condenser 

2. A method according to claim 1, wherein the sorbent material is a solid or a 
20 liquid sorbent material. 

3. A method according to claim I or claim 2, wherein the sorbent material is 
cooled during step (a). 

25 4. A method according to claim 3, wherein the sorbent material is cooled by 
ambient air drawn through conduits which are physically in contact with the sorbent 
material. 

5. A method according to any of the previous claims wherein the water vapor 
30 which is vented in step (d) flows to a second condenser and condenses thereon. 
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6. A method according to claim 5 wherein the water which condenses on the 
second condenser and the water which condenses in step (e) are collected together. 

7. Apparatus for extracting water from atmospheric air, comprising: 

5 (a) an enclosure having first and second areas and adapted to be alternatively 

open to atmospheric air and hermetically sealed from atmospheric air; 

(b) a sorbent material, adapted to adsorb or absorb moisture from the air, 
disposed within the first area and a condenser mounted within the second area; 

(c) means for drawing ambient air across the sorbent material when the 
1 0 enclosure is open to atmospheric air; 

(d) means for alternately cooling and heating the sorbent material; 

(e) means for creating a partial vacuum within the enclosure and a pressure 
differential between the first and second areas; and 

(f) a water collector adapted to collect the water that condenses on the 
15 condenser. 

8. Apparatus according to claim 7, wherein the sorbent material is a solid or a 
liquid sorbent material and wherein the means for cooling and heating comprise a 
system of conduits in physical contact with the sorbent material and in which flows 

20 ambient air. 

9. Apparatus according to claim 7 or 8, wherein the means for creating a partial 
vacuum within the enclosure is a pressure-sensitive valve which opens when the 
internal pressure of the enclosure exceeds a pre-determined threshold. 

25 

10. Apparatus according to claim 9, and also including a second condenser which 
communicates with the enclosure via the pressure-sensitive valve. 

11. Apparatus according to claim 10, and also including a second water collector 
30 adapted to collect the water that condenses on the second condenser. 
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12. Apparatus according to claim 1 1 and also including means for combining the 
water that collects in the second water collector with the water that collects in the first . 
water collector. 
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